Homeopathic medicines may present differentiated responses in the cultivation of medicinal plants, altering the plant metabolism. The aim was to verify and describe the pathogenic symptoms caused by the application of Phosphorus in the cultivation of chamomile, aiming at the production of flowers. Four dynamizations, 3CH, 6CH, 12CH and 30CH (centesimal scale: CH = centesimal hahnemannian), were evaluated in the Mandirituba chamomile cultivar. Control pots received only distilled water and 70% alcohol in the same amount and proportion of homeopathic medicine. The variables analyzed from the harvest of the flowers are related to the parameters of inflorescence and plant production of chamomile. There was no difference between the dynamizations applied for the number of flowers plant , and production of fresh and dried flowers did not differ from the averages presented by the witnesses; however, in the 30CH dynamization, values higher than the others were observed, as well as for fresh mass plant -1 and hectare -1 . The diameter and the height of the flower expressed better results in the 3CH dynamization. The application of Phosphorus promotes pathogenesis in the cultivation of chamomile with increases in the characters related to the inflorescence.
Introduction
Homeopathy is a science founded by the German physician Samuel Hahnemann (Relton et al., 2017 ) and had its basis described by Hippocrates 450 years B.C. in ancient Greece. It is a science based on four principles: similarity, experimentation in healthy individuals; minimal or infinitesimal doses; and unique remedy. In Brazil, the use of Homeopathy is regulated by law in organic agriculture (Brasil, 2008) , however, it is also widely used in other agricultural systems, either for improvements in the production system or in pest and disease control.
There are numerous homeopathic medicines being used in agriculture, according to their peculiarity and effect promoted in the vegetables. Dilutions of Carbo vegetabilis (6CH), Silicea land (30CH) and Sulphur (30CH) promoted increase in the fresh and dry mass of broccoli inflorescences (Pulido et al., 2017) , as did Phosphorus 30CH applied to seeds of lettuce (Lactuca sativa L.) (Queiroz et al., 2015) . Some homeopathic medicines are used in the control of phytopathogenic microorganisms (Trebbi et al., 2016; Shah-Rossi et al., 2009) , such as Berberis vulgaris in the control of rust, powdery mildew and downy mildew (Bonato, 2014) , and Propolis (6CH, 12CH and 30CH) to minimize the severity of early blight in tomato (Toledo et al., 2015) . They are also used to reduce the incidence of insects such as aphids and thrips (Wyss et al., 2010; Gonçalves et al., 2017) .
The homeopathic medicines can also be used instead of chemical inputs. As an alternative of sustainable agriculture, the Homeopathy is inserted in this scenario aiming at the production of healthy foods, in equilibrium with the environment, without leaving toxic residues and reducing the use of chemical inputs, such as phosphorus. This chemical element is present in the processes of respiration and photosynthesis of plants, directly related to plant growth (Taiz & Zeiger, 2013) . It presents little availability in soils and in the form of phosphate fertilizer comes from phosphate rocks, a non-renewable resource, in addition to the pollutant potential of surface water (Klein & Agne, 2012) . Phosphorus homeopathic medicine comes from organic salts of phosphorus (Casali et al., 2009) , diluted numerous times until it reaches the desired dynamization. In agriculture, its use is indicated for crops in soils with low availability of phosphorus, when the species exhibits excess sweating due to heat intolerance and when there is a reduction in the photosynthetic rate (Tichavsky, 2007; Bonato 2014; Resende, 2014) . However, there is still a lack of clarity about its potential effect on vegetables, especially on medicinal plants.
Medicinal plants have been used by humanity for many years with the intention to treat and cure diseases. Among these, chamomile (Chamomilla recutita (L.) Rauschert) is among the most consumed species in the world and has the largest cultivated area in Brazil (Corrêa Junior & Scheffer, 2014; Singh et al., 2011) . This is due to its therapeutic properties and its production of essential oil of high economic value (Raal et al., 2012; Amaral et al., 2014) . In chamomile, essential oil is only found in floral chapters and, like its aqueous extracts, it has anti-inflammatory, bactericidal, healing and soothing properties (Singh et al., 2007; Bakkali et al., 2008; Vieira et al., 2009; Raal et al., 2012) . The flower is the main marketable product in the cultivation of chamomile, which does not present studies with homeopathic medicines aiming the production of flowers.
The application of homeopathic medicines is capable of altering the plant metabolism (Casali et al., 2010; Andrade et al., 2012) , which respond to factors that surround the plant in the growing environment. Considering the healthy plant a living being, it undergoes action from the homeopathic medicines, and as a defense to this effect, it reacts and responds with alterations in its metabolism, characterizing the pathogenesis of the medicine, that is, the set of symptoms (any and every reaction/response of the plant, compared to a blank test) that a homeopathic substance can cause in the plant. The pathogenic symptoms make up the medical matter of the homeopathic medicine, and the experimentation in healthy plants contributes to the employment of Homeopathy in agriculture, that is, its indication of use.
Given the economic importance of chamomile, its use and cultivation, and the scarcity in describing the effects of homeopathic medicines on this species, the objective of this work was to verify and describe the pathogenic symptoms caused by the application of Phosphorus in the cultivation of chamomile, aiming at the production of flowers.
Material and Methods
The experiment was conducted in a protected environment and carried out by the Plant Science Department at the Federal University of Santa Maria (UFSM), Santa Maria, RS, Brazil (29°42′23″S; 53°43′15″W and 95 meters of altitude at sea level). The climate of the region is of type Cfa, according to the classification of Köppen (Alvares et al., 2013) .
Sowing and Conducting the Experiment
The seeds of chamomile of the cultivar Mandirituba were acquired directly from a seed producer in the municipality of Mandirituba, Paraná, Brazil, through Emater -Paraná. The sowing was carried out in pots with volume of 4.9 liters containing H.Decker® substrate, distributed in asbestos cement tiles filled with crushed stone. After the emergence there was thinning and maintenance of only one plant per pot. The formulation of the nutrient solution took into consideration the recommendation of cultivation for chamomile and the cultivation of medicinal plants in a semi-hydroponic system. The distribution of the solution was performed by means of a dripping hose arranged in each row of pots, so that each dripper matched a pot. The other cultivation procedures followed the technical recommendations for the chamomile (Corrêa Junior et al., 2008) .
During the experiment the temperature inside the protected environment was monitored with the help of the manual appliance Datalogger Akso® 170 model, with eight daily measurements of temperature at 1, 4, 7, 10, 13, 16, 19 and 22 h.
Application of Homeopathic Medicines
The treatments consisted in the application of the homeopathic medicine Phosphorus, in the 3CH, 6CH, 12CH and 30CH dynamizations. The drug was purchased from a homeopathic pharmacy in the city of Santa Maria, RS, prepared in 70% alcohol (v v -1 ). The different dynamizations were diluted in distilled water in the proportion of . The application was carried out in the aerial part of the plants by spraying, in the amount of 100 mL per plant, twice a week, after the emergence of the plants until the end of the experiment at 136 days after sowing (from August to December). Control treatment received only distilled water and 70% alcohol in the same amount and proportion of homeopathic medicine.
Measurement of Variables
The flowers were harvested manually when the flowers were at 180° angle (Corrêa Junior et al., 2008; Amaral et al., 2014) . From the harvest, the other variables were estimated.
Flowers number plant -1 : Number of flowers collected throughout the experiment in each plant (number (n)).
Flowers mass plant -1
: Mass of flowers collected throughout the experiment in each plant (grams (g)).
Production of fresh flowers: Mass of flowers collected at the end of the experiment transformed into hectares (kilograms per hectare (kg ha -1 )).
Production of dried flowers: Determined by means of the 20% discount of fresh mass loss of the production of fresh flowers (kilograms per hectare (kg ha -1 )), that is, every kilo of fresh flowers results in 200 grams of dry flowers.
Fresh mass plant -1 : At the end of the experiment the plants were harvested and weighed in a precision analytical balance (grams (g)).
Dry mass plant Number of branches: The count at the end of the experiment of all branches at the base of the plant (number (n)).
Plant height: Evaluated at the end of the experiment from the central branch of the plant (centimeters (cm)).
Flower diameter: Diameter of the floral structure including the center and the ligulate flowers (millimeters (mm)).
Flower height: The value of the floral structure measured vertically from the base to the apex of the floral structure (millimeters (mm)).
Statistics and Experimental Design
The experiment was conducted according to a completely randomized and double-blind design with 6 treatments: 4 Phosphorus dynamizations (3CH, 6CH, 12CH and 30CH), distilled water and 70% alcohol. Each bench represented a treatment and was composed of 20 pots spaced 0.30 meters apart in two rows, totaling 4 replicates of 5 experimental units. The treatments were compared using an analysis of variance (p < 0.05) and by the means comparison test of Scott and Knott (1974) at a 5% error probability level, with the aid of the statistical program Genes (Cruz, 2013) .
Results
The analysis of variance showed a significant difference between dynamizations for most of the analyzed characters, including: flowers mass plant , dry mass hectare -1 , number of branches and plant height, there was no difference between the dynamizations applied.
For the characters flowers mass plant -1 , fresh flower production and dry flower production, the dynamizations did not differ from the means of the controls and are shown in Figures 1 and 2 . Even so, it should be noted that among the dynamizations, the 30CH showed values higher than the others, while 6CH showed a decrease. 
Discussion
The homeopathic medicine Phosphorus promoted changes in the parameters evaluated in chamomile when compared to the controls that did not receive the medicine. These changes characterize the pathogenic symptoms of Phosphorus application. Chamomile is a species that responded positively to the different dynamics used, except for some morphological characters such as the number of flowers plant -1
, dry mass plant -1
, dry mass hectare -1 , number of branches and plant height. This is in agreement with the hypothesis that the homeopathic treatment is able to significantly interfere in plant metabolism (Santos et al., 2011) . Chamomile has been shown to be sensitive to the homeopathic medicine Phosphorus by altering the response of some characters, especially those related to the inflorescence of the species, such as diameter and flower height. These two characters are linked to the production of essential oil and the marketable factor of the crop, which can thus aggregate value to the production of chamomile flowers without the need of excessive use of chemical inputs.
Research with healthy plants is a useful tool to investigate the specificity of homeopathic medicines, especially the fluctuations between levels of dynamizations (Jäger et al., 2015) . Considering the experimentation in a healthy being, the symptomatic context, with increments or decreases in certain characters, configures pathogenesis. The changes observed in chamomile are the result of the action of the homeopathic medicine Phosphorus and the symptoms provoked in the vegetable (pathogenesis), in which each dynamization determines a differentiated response according to the evaluated character. Thus, it was observed that there is no linear relationship between the increase in dynamization and the response of the plant.
The minimum morphological changes in some of the analyzed characters can be explained by the equilibrium cultivation that the plants were submitted to, with ideal and satisfactory conditions for the production, and also by the natural balance of the plant itself in relation to the evaluated characteristics. However, pathogenesis is dependent on the homeopathic drug, the dynamization and the plant species (E. Kolisko & L. Kolisko, 1978; Casali et al., 2009; Santos et al., 2011) , so this response is random and variable. Vasconcelos et al. (2004) studied the effect of Phosphorus on wheat plants (Triticum aestivum L.) with and without organic fertilization and verified that the drug in the 3CH and 6CH dynamizations reduced the values of fresh mass. The best results corresponded to the higher dynamizations, above 12CH, corroborating the response obtained for chamomile, for which the 30CH dynamization showed better results. When evaluating the effect of Phosphorus 3CH on lemon grass (Cymbopogon citratus), Casali et al. (2009) observed that this dynamization decreased plant height and leaf mass. In chamomile, this same dynamization only showed decreases in the characters fresh mass plant -1 and fresh mass hectare -1
, while 6CH showed a reduction in the other variables. Phosphorus response was also shown to be variable by Scherr et al. (2007) when evaluating several dynamizations in Water Lentil (Lemna gibba L.). The species Aloysia gratissima L. also showed sensitivity to homeopathic Phosphorus, with positive responses on germination and seedling initial growth (Santos et al., 2011) .
The response to homeopathic medicines can manifest itself in several parts or different pathways of the metabolism of the plant organism (Jäger et al., 2015) . It is common to observe that the same homeopathic remedy can cause diverse and distinct effects by increasing or decreasing a variable (Santos et al., 2011; Andrade et al., 2012; Oliveira et al., 2013; Capra et al., 2014) , this characterizes the importance of the agronomic research to elucidate what effects each homeopathic medicine can cause in the plants and thus, to expand its recommendation of use. In addition, plants are organisms that respond to the action of homeopathic medicine, once they react to these substances.
Conclusions
Phosphorus dynamizations promoted differentiated responses in the cultivation of chamomile, characterizing the pathogenic symptoms.
The production of flowers hectare -1 can be increased with the application of the 30CH dynamization and the flower diameter and height with the use of 3CH dynamization.
